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CHARACTERISTICS. VIII _ A LARGE AERODYNAMIC BALANCE 
OF TWO NOSE SHAPES USED WITH A 3 0-PERCENT -CHORD FLAP ON 

AN NACA 0015 AIRFOIL 
By Richard I. Sears and Clarence L. Gillis 

SUMMARY 



Force tests in two-dimensi onal flow have "been made 
in the NACA 4- by "'6- foot vertical tunnel of the character- 
istics of an NACA 0015 airfoil with a "balanced flap having 
a chord- 30 percent of the airfoil chord, a flap-nose over- 
hang 50 percent of the flap chord, and a tab having a 
chord 20 percent of the flap chord. The results are pre- 
sented in the form of aerodynamic section characteristics 
for a sealed and an unsealed gap at the flap nose. 

The slope of the lift curve and the lift effective- 
ness of the balanced flap were slightly less than those 
for the NACA 0009 airfoil with the same flap. The aerody- 
namic balance of 50 percent of the flap chord caused over- 
balance through some range of deflections for both nose 
shapes tested with gaps sealed and unsealed. The blunt 
nose shape was moro effectivo in reducing hinge moments 
than the medium nose shape. Unsealing the gap at the nose 
of the flap caused a decrease in the slope of the lift 
curve and an incroase in the effectiveness of the balance 
for both nose shapes. 

INTRODUCTION 



The NACA has instituted an extensive investigation of 
the aerodynamic section characteristics of control surfaces 
in two-dimensional flow in an effort to determine the types 
of flap arrangement best suited for use as control surfaces 
and to provide experimental data for design purposes. The 
first phase of the investigation consisted of the experi- 
mental determination of the pressure distribution of the 
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FACA 0C09 airfoil with many sizes of plain flaps and tabs. 
She results of these tests have "been presentod in refer- 
ence 1 in the form of parameters for determining the char- 
acteristics of a thin symmetrical airfoil with a plain 
flap of any chord. 

The second phase of the investigation consisted of 
force-test measurements in two-dimensional flow of the 
characteristics of an 1TACA 0009 airfoil with a 30-percent- 
airf oil-chord (0.30c) flap having various amounts of aero- 
dynamic "balance, various flap-nose shapes, various sizes 
of gap at the flap noso, and various "beveled trailing 
edges on a flap of thickened profile. The results of 
these tests are reported in references 2 to 6. 

A series of tests has been undertaken to provide data 
for the NAG A 0015 airfoil with a 0.30c flap and a 20- 
percent-f lap-chord (0 . 20c f ) plain tab, with various flap- 
balance arrangements as previously tested on the UACA 0009 
airfoil. The results of the -tests are presented in refer- 
ence 7 for the plain flap, in reference 8 for the flap 
with a 0.35c f aerodynamic balance, and. in the present pa- 
per for the flap with a 0.50c f aerodynamic balance. 

APPA3ATUS A1JD MODEL 



The tests were -made in the UACA 4- by 6-fo.bt vertical 
tunnel (reference 9.). The tost section of this' tunnel haB 
been converted from the o'riginal open, circular , 5-foot- 
diameter jet to a closed, rectangular, 4- by 6-foot throat 
for force tests, of models in two-dimensional flow.. A 
three-component balance system 1b used to measure lift, 
drag,- and pitching moment'. . The hinge moments of the flap 
and tab were measured: 'with torq.ue-.rod balance built into 
the model. • - 

The 2-foot-chord by 4-fopt-span model (fig. l) was 
made of laminated mahogany to the HACA 0015 profile (table 
I). for the present tests, it was equipped with a 0.30c 
flap and a 0.-20cf tab. The flap had an aerodynamic bal- 
ance that extended forward of the flap-hingo axis 50 per- 
cent of the flap chord. The balance had two nose shapos, 
blunt and medium (fig. l)- f which were made in the form of 
interchangeable- nose .blocks. - Table II gives stations and 
ordinates for the medium-nose flap balanco. The blunt- 
nose flap balance was defined by the normal airfoil contour 
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with a nose radius of approximately one-half the airfoil 
thickness (fig. l) . The gap at the nose of the flap was 
0.005c ana, for the sealed-gap tests, was filled with 
light grease. The tab was made of "brass, with a nose radi- 

0 us approximately one-half the airfoil thickness at the tab- 
^ hinge axis. The gap at the nose of the tab was 0.001c and, 

1 when sealed-gap tests wore made, was filled with light 
grease . 

The model, when mounted in the tunnel, completely 
spanned the test section. With this type of installation 
two-dimensional flow is approximated; and the section char- 
acteristics of the airfoil, flap, and tah may he deter- 
mined. The model was attached to tho balance frame by 
torque tubes that extendod through the sides of the tunnel. 
The angle of attack was set from outside the tunnel by ro- 
tating the torque tubes with an electric drive. Flap and 
tab deflections were set inside the tunnel by templets and 
were held by friction clamps on the torque rods that were 
used in measuring the hinge moments. 



The tests were made at a dynamic pressure of 15 pounds 
per square foot, which corresponds to an air velocity, of 
about 76 miles per hour at standard sea-level conditions. 
The effective Reynolds number of the torts was approximate- 
ly 2,760,000. (Sffective Reynolds number =• test Reynolds 
number x turbulence factor. The turbulence factor for the 
4- hy 6-foot vertical tunnel is 1.93.) 

The flap was set at deflections from 0° to 25° in 5° q 
increments. The tab was set at deflections from 0 to 20 
in 5° increments for both flap-nose shapes. The tab tests 
were made with the flap neutral and with both flap and tab 
gaps unsealed because in previous tests the balanced flap 
was found more effective with the gap unsealed. The blunt 
and medium nose shapes wore tested throughout the flap- 
deflection range with the flap and tab gaps either both 
sealed or both unsealed. The lift, the drag, and the 
pitching moments of the airfoil and tho hinge moments of 
the flap and the tab were measured. For each "flap and tab 
setting, force tests were made throughout tho angle-of- 
attack range at 2° increments from negative stall to pos- 
itive stall. When either stall position was approached, 
the increment was reduced to 1° angle of attack. 
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RESULTS 
Symbols 

The coefficients and the symbols usod in this paper 
are definod as follows: 



Cj airfoil section lift coefficient (l/qc) 

c^^ airfoil Bection profile-drag coefficient (&q/<Iv) 
c m airfoil section pit ching-moment coefficient (m/qc 3 ) 

Cj^ flap section hinge-moment coefficient (hj/qCf 2 ) 

c^ tab section hinge-moment coefficient (h t /qc^ 3 ) 

t 

where 

I airfoil section lift 

d 0 airfoil section profile drag 

m airfoil section pitching moment about quarter-chord 
. point of airfoil 

hf flap section hinge moment 

h^. tab section hinge moment 

c chord of basic airfoil vrith flap and tab neutral 

Cf flap chord 

c t tab chord 

q dynamic pressure 

and 

\ 

cc 0 angle of attack foi airfoil of infinlto aspect ratio 

Sf flap deflection with respect to airfoil 

8 t tab deflection with respect to flap' 
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i c = fd<U \ 

hI l a(free) \9a Q A =0 

h f 
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C h., 



C *t 
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h 



f 6f V ^ ^,6 



a VSa o y 6 f ,8 t 

u t Oo^f 



The subscripts outside the parentheses represent the 
factors held constant during the measurement of the param- 
eters. 



Preci ei on 



The accuracy of the data is indicated "by the deviation 
from zero of lift and moment coefficients at an angle of 
attack of 0 . The maximum error in effective angle of at- 
tack at zero lift appears to he about ±0.2 . Flap deflec- 
tions were set within ±3.2°. Tunnel corrections, experi- 
mentally determined in the 4- hy 6-foot vertical tunnel, 
were applied only to lift. The hinge moments are prohahly 
slightly higher than would be obtained in free air and, 
consequently, the values presented are considered conserva- 
tive. The increments of profile-drag coefficient are be- 
lieved to be accurate within ±0.0005 and should bo reason- 
ably independent of tunnel effect, although the absolute 
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value is subject to an unknown correction. Inaccuracies 
in the section data presented are thought to "be negligi- 
ble relative to inaccuracies that will be incurred in the 
applicption of the data to finite airfoils. 

Presentation of Data 

The lift, pit ching-moiaent , and hinge-moment character- 
istics of SAC A 0015 airfoil \fith a 0.30c flap are presented 
in figures 2 and 3 for the blunt and medium flap-nose shapos, 
respectively, with the gaps sealod and unsealed. Some param- 
eters from the curves of figuros 2 and 3 are given in table 
III. The tabulated slopos wore measured at small flap de- 
flections and small angles of attack where the curves are 
linear . 

The increments of profile-drag coefficient caused by- 
flap deflection are given in figure 4 and were .obtained by 
deducting the profile-drag coefficient of the airfoil- with 
flap and tab neutral from the profile-drag coefficients 
with the flap deflected, all other factors being constant. 

The effects of deflecting a 0.20cj tab on the aerody- 
namic characteristics with flap neutral at various angles 
of attack are shown in figures 5 and 6 for the blunt and 
medium nose shapes, respectively. The increments of lift 
and of flap hinge-moment coefficient caused by tab deflec- 
tion were obtained by deducting the coefficient with tho 
tab neutral from the coefficients with the tab doflocted, 
all other factors being constant. 

DISCUSSI01T 03? AERODYNAMIC SECTION CHARACTERISTICS 

lift 

Figures 2 and 3 show that tho lift curves of tho HACA 
0015 airfoil for tho various flap deflections are of tho 
same general shape as tho corresponding curves for the HACA 
0009 airfoil (reforonco 3). At a given flap doflection, 
howover, the angle of attack at which the airfoil stalls 
is about 5 groator for tho thicker airfoil than for the 
. thinner airfoil; consequently, the maximum lift coefficient 
of the thicker airfoil was groater by about 0.4. This of- 
foct may be attributed to the greater nose radius of tho 
thicker airfoil. 

The slope of tho lift curve oi (table III) was un- 
co 
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affected "by the flap-nose shapes tested but was affected 
considerably by gap, decreasing when. the gap was unsealed. 
This result is in agreoment with, that for the ETACA 0009 
airfoil (reference 3). The reduction in c, due to un- 
co a 
o- sealing the gap for the NACA 0009 airfoil, however, is not 

'p direcSLy comparable with that in the prosent tests inasmuch 

as the gap used on the thinner airfoil was only 0.0015c as 
compared with a gap of 0.005c for the present tests.- The 
slope c, with the gat> sealed xvas somewhat smaller for 

the thicker airfoil than for the thinner airfoil. 

The effectiveness of the flap in producing lift is 
indicated by tho paramotor [ oa o\ in table III. A com- 

parison of thoso values with the data of roforence 7 indi- 
cates that the flap with a 0.50c f ovorhang has approxi- 
mately the same lift effectiveness as the plain flap ex- 
cept for the flap with a blunt nose and a 0.005c gap, for 
which the lift effectiveness is slightly higher than for 
tho plain flap. Tho lift effectiveness of the flap with 
large balanco on the HACA 0015 airfoil is smaller- than for 
the similar flap on the HACA 0009 airfoil except for the 
blunt-nose flap \?ith a 0.00'5c gap, which gives approxi- 
mately the same effectiveness on both airfoilB. 

The lift effectiveness of the blunt-nose flap is 
greater than that of the medium-nose flap. Because of 
separation of flow over the flap, the bluht-nose flap 
lost all its lift effectiveness when deflected more than 
15 in conjunction with the angle of attack; under the 
Bame conditions the medium-nose flap maintained its ef- 
fectiveness to a deflection of 25°. At flap' deflections 
in opposition to the angle of attack, a condition that is 
the normal operating range for a horizontal tail surface, 
the flap with either nose shape was effective in produc- 
ing increments of lift to a deflection of 25°, the larg- 
est deflection tested. Because of separation phenomena, 
however, the effectiveness at large flap deflections waB 
not so great as that at small deflections. 

Hinge Moment of Flap 

The nature of the distribution of pressure over the 
flap on the .HACA 0015 airfoil is known to be different 
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from that over the flap on the HACA 0009 airfoil. This 
condition is indicatod "by the fact that the slope c^ 

is more positive and the hinge-moment coefficient curves 
are linear over a smaller range of angles of attack for 
the thicker airfoil than for the thinner airfoil. The air 
flow over the trailing-odgo portion of the thick airfoil 
is prohahly somewhat similar to that discussed in refer- 
ence 6 for flaps of thickonod profile and "beveled trail- 
ing edges. 

It is important to remember that the parameters in 
table III represent the slopes of the curios at zoro flap 
deflection and at an angle of attack of 0 . Thoy aro 
valid, thorofore, only for tho small range in which the 
curves aro linear and should bo usod only as an indication 
of tho relativo merits of difforent flap-nose shapes. In 
the calculation cf the characteristics of a control sur- 
faco, thorofore, tho hinge-moment coefficient curves (figs. 
3 and 3) should "be used rather than tho tabulated param- 
eters. 

All thO'data in this report are for infinito aspoct 
ratio. Tho effect of finite aspect ratio on tho hingo- 
nomont characteristics is discussed in rofcronco 1. It 
should he noted here that and c^ will change 

in magnitude, and possihly in sign, with a chango in as- 
pect ratio. These facts are important for the subject in- 
vestigation bocauso tho paramotors are small and their 
signs aro critical. 

On the HA OA 0015 airfoil all the flap-nose shapos 
and gaps tostod on tho flap with a 0,50cf overhang gave 
more positive values of c^. than did similar flap ar- 

a 

rangonents on the NACA 0009 airfoil (reference 3). The 
variation of hinge-moment coefficient with flap defloo- 
tion c, was smaller for tho halancod flap on tho 

thickor than on tho thinner airfoil for all flap arrange- 
ments tostod. Those effects were similar to those for a 
plain flap on the HACA 0015 airfoil (roforonce 7). 

It is apparent from figures 2 and 3 that, with gaps 
sealed and unsealed, the halancod flap of tho present in- 
vestigation producod overhalanco through some range of 
flap deflections for "both flap-noso shapos. Tho amount of 



the overbalance and the range through which it extonded 
was greater for the "blunt-noso flap. Unsealing the gap at 
the noso of the flap caused an increase positively of both 
c^ and c^ , a result that is in agreement with the 

f a f 6 f 
results for the thin airfoil (reference 3). 

Becauso the flap with 0.50c f overhang was overbalanced 

throughout sono range of deflection, it cannot be used 
without modifications. A trailing-edge tab deflected in 
tho sano direction as the flap nay be used in conjunction 
with this flap arrangement to overcome the overbalance of 
the flap (reference 3). Such an unbalancing tab will in- 
crease the lift effectiveness of the flap, with the result 
thrt the deflection required to obtain a given increment 
of lift will not be so great as that for a conventional, 
flap of the same chord. Because c t is positive, the 

flap will float against the relative wind, a fact that 
should cause the static stability of the airplane wi'th 
controls free to exceed that with controls fixed. 

Rudders with a large positive value of and con- 

siderable friction'al damping have been reported to cause 
undesirable flying qualities on a number of airplanes hav- 
ing small directional stability. These airplanes Bhowed a 
tendency to oscillate in yaw but the undesirable charac- 
teristic has been corrected by making Cy. and Ci. „ Mere 

"a of 

negative. flight tests of one airplane at Langley Memorial 
Aeronautical Laboratory in which the rudder had a positive 
value of c-u and the airplane had a large amount of di- 

rectional stability indicated that the behavior of the air- 
plane was satisfactory. A theoretical analysis currently 
being made at the Laboratory shows that a positive value 
of c t is desirable provided that other factors are prop- 
erly controlled. 

Pitching Koments 

The values of the parameters (§c^) ani1 

listed in table III indicate th© position of the aerrdynam- 
ic center of the airfoil. When the lift is varied by 0 
changing the angle of attack, at a flap deflection of 0 
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the aerodynamic center of the airfoil is at the 0.235c 
point for "both flap-nose shapes with the gap sealed and at 
the 0.235c point for both flap-nose shapes with the 0,005c 
gap. When the lift is varied "by changing flap deflection, 
at an angle of attack of 0 , the aerodynamic center is at 
the 0.41c point for both nose shapes with gap sealed and 
at the 0.42c point for "both nose shapes with the 0.005c 
gap. The positions of the aerodynamic center for the pres- 
ent tests are in good agreement with those for the airfoil 
with plain flap (reference 7). The position of the aero- 
dynamic center for the flap deflected is a function of 
aspect ratio (reference l) and will move toward the trail- 
ing edge as the aspect ratio is decreased. 



Drag 

The measured values of drag cannot be considered abso- 
lute because of a relatively large unknown tunnel correc- 
tion. The increments of profile-drag coefficient caused 
by flap deflection (fig. 4), however, should be independent 
of tunnel effect. The medium-nose flap gave an increase in 
minimum profile-drag coefficient of about 0.0022 over that 
of the plain flap on the same airfoil (reference 7) . With 
the "blunt-nose flap the increase was within the experi- 
mental accuracy of the tests. 



Tab Characteristics 

In general, the tab) characteristics for the balanced 
flap are similnr to those for a tab on thg plain flap 
(reference 7). At a flap deflection of 0 , the effective- 
ness of the tab in changing the flap hinge-moment coeffi- 
cients was greatest when the tab was deflected in conjunc- 
tion with the angle of attack. This result is opposite 
to that for a tah of tho same size on an NACA 0009 airfoil, 
for which the effectiveness of the tab was greatest when 
the tab deflection and the angle of attack wero in opposi- 
tion. As previously discussed, the overbalance of the 
flap that occurred when the large overhang was used on the 
flap may be overcome "by the use of a differentially opor- 
atod unbalancing tah deflected in the same direction as 
the flap. 

Balancing Effectiveness of Various Overhangs 
The values of the hinge-moment parameters for blunt- 
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nose flaps on the 2STAGA 0009 and NACA 0015 airfoils are pre- 
sented is a function of aerodynamic "balance in figure 7. 
Tie data are summarized from the investigations reported 
in references 2 to 8, with the exclusion of reference 6, 
which does not deal with overhanging "balances. The unsealed 
gap was 0.005c in all cases except that it was 0.0015c for 
the largest overhang on the HACA 0009 airfoil . The plain 
unbalanced flap, "because it is hinged at the center of its 
ncso radius, has an overhang. This overhang, however, can 
contribute no balancing effect because all forces normal 
to the surface of the overhang act through the hinge axis. 

. Figure 7 shows that, for both airfoils, the hinge mo- 
ments of a balanced flap were reduced by unsealing the gap. 
The rate of change of hinge-moment parameters with increas- 
ing aerodynamic balance was greater for the thinner airfoil 
than for the thickor airfoil. On both airfoils, the flap 
with 0.35cf ovorhang did not produce overbalance, but with 
0,50cf overhang the flap was overbalanced. The parameter 
c became posibive with a 0.35cf overhang on the thicker 

airfoil but, on the thinner airfoil, a 0.50c f overhang was 
■'eqvtrsd to produce a similar effect. 

00H0LUSI0NS 



The, results of the tests of the NACA 0015'airfoil 
wioh a balanced flap having a chord 30 percent of the air- 
foil chord and a flap-nose overhang 50 percent of the 
flap chord compared with the results of previous tests of 
a similar flap on the NACA 0009 airfoil indicate the fol- 
lowing conclusions: 

1. ' The slope of the lift curve for the HACA 0015 air- 
foil was slightly less than that for the NACA 0009 airfoil 
and decreased when the gap at the flap nose was unsealed. 

2. The lift effectiveness of the flap with large 
balance on the KTAOA 0015 airfoil was practically the same 
as that of the plain flap on the same airfoil and as that 
of the similar f lap ■ on the NACA 0009 airfoil. 

3. The blunt-nose balance was more effective in re- 
ducing flap hinge moments and caused greater overbalance 
than tho medium-nose balance, but the effectiveness of the 
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"blunt-nose "balance was not maintained to so high a flap do- 
flection when the flap was deflected in conjunction with 
the angle of attack as that of the medium-nose balance. 

4. The medium-nose flap causod an increase in mini- 
mum profile-drag coefficient of 0.0022 over that of the 
airfoil with plain flap, whereas tho blunt-nose flap gave 
no measurable ■ increase . 

5. The tab, when doflected in conjunction with the 
angle of attack, gave_ greater increments of lift and flap • 
hinge-monent coefficients per unit tab deflection than 
when doflected in opposition to the angle of attack. 

Langley Memorial Aeronautical Laboratory, 

Hational Advisory Conmitteo for Aeronautics, 
Langley Field, 7a. 
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Ordiixates for NAOA 0015 
airfoil. [Stations and 
ordinates in peroent of 
airfoil ohord] 



Table II.- 



Stations and 
ordinates for 
medium-nose 
0.50of overhanp. 





Upper 


Lower 


Station 


Burface 


surface 


0 


0 


0 


1.25 


2.37 


-2.37 


2.5 

5 


HZ 
4.44 


-4.44 


7-5 


5.25 


^•5.25 


10 


f .«§ 


•§'f§ 


15 


6.62 


-6.68 


20 


7.17 


-7.17 


25 


7.^3 


-7.^3 


g 


7.50 


-7.50 




i-s 


'lit 


50 


O.Oc 


-Oo02 


6o 


5.70 


-5.7O 


70 


4.58 


-4.58 


go 


3.23 


-3.28 


90 


1.81 


-1.81 


95 


1.01 


-1.01 


100 


(.16) 


(-.16) 


100 


0 


0 


L. 


E. radius: 


2.48 



Station 
(peroent 0) 



0 

:2f 

1.87 
2.88 
3.89 
4.90 
?-91 
>.92 

1$ 

9.95 
10. 96 

11.97 
12.98 
13.99 

15.00 

16. 51 
17.52 
19.17 



Ordinate 
(percent o) 



0 

1.41 
2.10 
2.80 
3.26 
3.58 
3.83 
4.03 
4.20 

fcS 

4.49 

4.52 

4.54 

*.53 
-4.51 
4.46 
4.34 
4.24 
4.04 



Fair to NACA 0015 profile to 
trailing edge 



Nose radius « 2.96 peroent 0 



Table III.- Parameter values for a 0.30c flap with a 
0.50cf overhang on an NACA 0015 airfoil. 



, 1 


Blunt nose shape 


Medlua nose shape 


Paraaettrs 


(Jap 
Sealed 


Gap 

O.OO50 


(Jap 
sealed 


Sap 
O.OO50 


/acA 

\ aa o/5 f 6 t 
(***) 


0.095 
-.58 

0 


0.085 
-.65 
.0045 


0.095 
-.5 1 * 
.0005 


0.085 
-.48 

.0021 




0 


.0033 


-.0032 


-.0030 


fife ' 


.015 
-.160 


.027 
-.165 


.014 
-.157 


.024 
-.177 



L- 




or.OOScgap 

Blunt nose 



chord line . 



See fable of an/fhafes 



y 














> — JTIap-hinge axis 
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Figure 5.- Tab seotion hinge-moment ooeffioient and. increment b of airfoil aeotion lift 
coefficient and flap seotion hinge-moment ooefficient oaused by defleotion 
of a QSSOOf plain tab. Blunt nose 0.50of overhang with 0.005o flap gap and 
O.OOlo tab gap. (f a 0 . 




0 s /o . /& zo 

Tab def/ecfion, S r de$ 



Figure 6.- Tab seotion hinge-moment ooeffioient and inorementB of airfoil seotion lift 
coefficient and flap seotion hinge-moment ooeffioient caused by defleotion 
of a 0.20o f - plain tab, Medium noBe 0.50o f overhang with 0.005o flap gap 
and O.OOlo tan gap. 6 f » 0°. 



